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Results I. Pneumococcal density and dissemination during RSV coinfection in mice previously colonised with Sp
•Heightened RSV-induced weight loss with delayed recovery in Sp-RSV coinfected animals.
• Increased bacterial density and decreased clearance from the nasopharynx
• Dissemination of pneumococci to the lungs, but not in the blood (blood data not shown here)
• Lower recruitment of macrophages and neutrophils but increased influx of regulatory T cells (Tregs) indicate coordinated effort to maintain Sp carriage in the nasopharynx. Pneumococcal nasopharyngeal colonisation was established in 8-10 week old female Balb/c mice (n=5-10 per group), and subsequently infected with RSV. Mice were then monitored regularly to record weight loss and any disease symptoms developed due to coinfection. Bacterial density in nasopharynx and lungs were measured in pre-determined time points when recruitment of major immune cells , e.g. neutrophil, macrophage and T cells, were determined by flow cytometry. Results are represented as mean ±SEM. Statistical analysis was performed using Student's multiple ttest with Bonferroni adjustment. A P < 0.05 value was considered statistically significant. 
Experimental approaches C A B
•Coinfection with RSV augments pneumococcal growth and density both in vivo and in vitro. Persistence of pneumococci in the nasopharynx may resulted from dysfunctional immune response characterised by the decrease recruitment of macrophage and/or neutrophil in our murine model. 4 Increased accumulation of Tregs may also play a role for maintenance of colonisation.
•Co-infection with Sp-RSV did not affect the epithelial integrity of a human nasopharyngeal cell monolayer in vitro, but instead, resulted in increased epithelial resistance. Enrichment of the cell-junction proteins during coinfection may explain these observations, but needs further clarification.
•Several pneumococcal proteins were upregulated in our proteomic analysis which are involved in bacterial metabolism as well as viability during oxidative stress, thus may impacting on bacterial survival which evident in our result in the form of increased density at infection site. The presence of RSV promotes the growth of Sp in a dose-dependent manner, as depicted by the gradual shortening of the lag phase of the growth curve ( Figure 3A) .
Conclusion
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The integrity of a Detroit 562 epithelial monolayer remains unaffected upon Sp-RSV coinfection. In fact, measurements showed a higher transepithelial electrical resistance (TEER) in Sp-RSV coinfected cells, and lower Sp migration towards the basal compartment during dual infection. 
Results III. Mass spectrometry analysis of host and pneumococcal proteome in Sp-RSV coinfection in vitro model
Our results shows that a number of keratin proteins of the intermediate filament family were upregulated upon Sp-RSV coinfection. These proteins were described as regulators of innate immunity and mediate cytoskeletal organisation during endocytosis -this may have contributed to the trans-cellular migration of Sp. Of particular interest, Unconventional myosin-VI (MYO6) protein was also upregulated. It acts as a cell-junction protein and appears to be involved in the very early stage of clathrin-mediated endocytosis in polarized epithelial cells, a phenomenon which was described in Sp endocytosis through epithelial barrier. 3 
Upregulated Downregulated
Several pneumococcal key proteins were upregulated during coinfection. KEGG pathway analysis determined that proteins involved in fatty acid metabolism and biosynthesis (acp, fabD,fabF,fabH) were highly enriched. For instance, superoxide dismutase (sodA), histone-like DNA binding protein (hlpA), Thioredoxin (trxA) proetins were upregulated which play a critical role against oxidative stress, affecting both the survival and the virulence of Sp. hlpA proposed to have a role in the pathogenesis of streptococcus-induced tissue inflammation by forming a soluble complex with lipoteichoic acid. Among downregulated bacterial proteins, pneumolysisn (lytA) and manganese ABC transporter substrate-binding protein (psaA) is noteworthy. Downregulated lytA may indicate lees autolysis and thus more survival of Sp at the infection site.
